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FOREWORD 

This report was prepared by North American Aviation, Inc., Space 
Division, under NASA Contract NAS9-4552, for the National Aeronautics and 
Space Administration, Manned Space Flight Center, Houston, Texas, with 
Dr, F. C. Hung, Program Manager and Mr. P.P. Radkowski, Assistant 
Program Manager. 
Structural Mechanics Division, MSC, Houston, Texas with Dr. F. Stebbins 
as the technical monitor. 

This work was  administered under the direction of 

This report is presented in eleven volumes for convenience for handling 
and distribution. All volumes a re  unclassified. 

The objective of the study was  to  developimethods and Fortran IV 
computer programs to determine by the techniques described below, the 
hydro-elastic response of representation of the structure of the Apollo Com- 
mand Module immediately following impact on the water. The development 
of theory, methods and computer programs is presented ast Task I Hydro- 
dynamic Pressures, Task I1 Structural Response and Task I11 Hydroelastic 
Response Analysis. 

Under Task I - Computing program to  extend flexible sphere using the 
Spencer and Shiffman approach has been develoned. 
by ilr. Li using nonlinear hydrodynamic theory on structural portion is 
formulated. 
extensions a re  necessary in the following iter, 1s: 

Analytical formulation 

In order to cover a wide rangc o f  impact conditions, future 

a. Using linear hydrodynamic theory to include horizontal velocity 
and rotation. 

b. Nonlinear hydrodynamic theory to  dl :velop computing program on 
spherical portion and to develop nonlinear theory on toroidal and 
conic sections. 

Under Task I1 - Computing program and U s e r ' s  Manual were developed 
for nonsymmetrical loading on unsymmetricaL elastic shells. 
develop the theory and methods to cover realistic Apollo configuration the 
following exterision s a re  re  commended: 

To fully 

a. Modes of vibration and modal analysis. 

L). Extension to nonsymmetric short time impuses. 



C. Linear buckling and elasto-plastic analysis 

These technical extensions will not only be useful for Apollo and 
future Apollo growth configurations, but they wil l  also be of value to other 
aeronautical and spacecraft programs. 

The hydroelastic response of the flexible shell is obtained by the 
numerical solution of the combined hydrodynamic and shell equations. 
results obtained herein a re  coinpared numerically with those derived by 
neglecting the interaction and applying rigid body pressures to the same 
elastic shell. The numerical results show that for an axially symmetric 
impact of the particular shell studied, the interaction between the shell and 
the fluid produces appreciable differences in the overall acceleration of the 
center of gravity of the shell, and in the distribution of the pressures and 
responses. However the maximum responses a re  within 15% of those pro- 
duced when the interaction between the fluid and the shell is neglected. A 
brief summary of results is shown in the abstracts of individual volumes. 

The 

The volume number and authors a re  listed on the following page. 

The contractor's designation for this report is SID 67-498. 
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1.1 INTR@DUCTION 

The hydroelastic computer program is written entirely in FORTRAN IV 
and makes use of the overlay feature of that language. 
been checked out in NAASYS, the NAA adaptation of the LBM 7090/7094 
IBSYS/IBJOB system; and uses the NAASYS library routines shown in the 
load map, pages 4 to 8 inclusive, of Section 1.2. 

The program has 

The NAASYS input tape is Unit 5, the output tape is Unit 6. In addition 
to these files, the program uses Units 8 ,  9, 12, and 13 for reserve tapes, 
Units 10 and 11 as scratch tapes, and Unit 7 as the overlay tape. NAASYS 
itself is stored on Unit 1. 

The program is made up of an executive program and eight links, all 
of which a re  called by the executive program. 
link is shown in Table I below. 

A brief description of each 
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Table I. Description of Links 
-- 
Link 
No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Name 

Exe cu tive 

GEOM 

CDAFIT 

ACCN 

DEFLTN 

PATH 

INTLDS 

FSUMS 

PIX 

Purpose 
~ ~ ~~ ~ 

Reads general data, DA, and controls flow of 
execution of other links 

Reads geometric parameters. 
input and calculated values 

Sets up stiffness parameters 

Computes hydrodynamic - -essures on th.e shell 

Calculates the deflections due to the pressures 

Controls flow after computation of deflections. 
Computes velocities and accelerations 

Computes internal lozcis 

Outputs all computer quantities 

A dummy subroutine for a CRT Plotter 

Prints all geometric 

- 
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1.2 Load Map 
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1.3 Iterative Process Within Each Time Interval for the Pressure 
Determination 

According to Equation (24) of Volume 3 of this report, the pressures 
on the penetrating shell of revolution during vertical axisymmetric impact 
into a fluid are given by 

I 1 

I 0 

Here, 

P mass density of fluid 

R 

V 

radius of curvature of shell at impact point 

instantaneous velocity of center of gravity 

C radius of wetted surface 

v(q, t) instantaneous velocity of shell surface 

pm(p) is a Legendre polynomial 

r radial coordinate 



2 c 

m = 2 s t - l  

In the computer program, the series is truncated at s = 3, satisfactory 
convergence having been achieved. It can be seen that the pressures a re  
dependent on the overall velocity V of the center of gravity, and on the 
structural velocities v and their time derivatives. 
coupled closely to the shell deformations. 

Thus, the pressures a re  

In the computer program, an iterative process i s  used within each 
time increment in order to compute both the pressures and the shell respon- 
ses so that they satisfy all the given equations to within some given conver- 
gence criterion. The iterative process is shown in diagramatic form in 
Figure 1. The controlling input data for the iterations a re  CONV, the 
convergence criterion, and IVX, the maximum allowable number of 
iterations per time cycle. If the number of iterations exceeds IVX, the 
program considers the iteration cycle complete and simply goes on to the 
next time. Should this happen, the responses of the subsequent time cycles 
may not be satisfactory, and the job should be restarted with a larger IVX. 

- 10 - 



1 

I go through ACCN 

Given : 

shell  velocity vi - at ti-1 

I, 

Compute pressure p from vi - 
(These pressures w i l l  not be equal to the 

i 

true pressures at ti) 

Convergence achieved 

Test t o  see if  these pressures p have converged I i 
I to a given % of  the previously computed 

Increment time; and repeat process 

Figure 1. Iterative Procedure to Find Pressure and Response 
a t  Time t j  





2 .1  PROGRAM FLOW DESCRIPTION 

An overall flow diagram of the executive program 157DR is shown in 
A listing of the complete program is shown in Section 7. 1 .  Figure 2. 
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START < - 
T 

I REWIND 9 I 

I READ NSTART, NSAVE, N I N T ,  KODERZ, KODESZ 1 

Start From 0 

= o  

REWIND 12, 13 

KODERZ = KODERZ + 10 
Increment tape I D  by 101 

Write KODERZ on Unit 9 ' 

Put response data from 
13 onto Unit 9 

REWIND 13 

Figure 2. Plow of Executive Progru lS7DR (Sheet 1 of 6) 
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Q 

EQ. 1 NE. 1 

p = p/1728*32.2*12.0 s e t  up 
certain arrays t o  be US& in ACCN . 

I Read t i t l e  cards I 

TIM = 0. 
J T  = -1 

+ 
Read P ,  WT 

Read INDER, CONV, I V X ,  ICYL I 
t 1 L  

Read array DA by using DECRC 1 
TDFL = TAlJl/ENTl ==? 1 

Figure 2, Flow of Bxecutive Program 157DR (Sheet 2 of 6)  



Sot up various indicators 
PRNT = PI1, etc. I c * J 

J 
--. -- - --- --. - .__ . E CEOM. - set up shel l  gaoo?>~y - 

Start from 0 

quantities -1 required i n  ACCN -- 

' N E .  1 
-< NSTART \ --.- - - - RESTART 

. -  / 
h,., 

I 
L---- --- "-I .-..- _..- - 

-_ -*! 25 

TIMX = TIMX 4 TDEL 
(Increment Time) 
r--- 

EQ. 0 EO. 1 

IV = 1 
IND = v - 1 c;;$;-> w 

c a l l  CRVFIT 
sound data is )redd from 

1 

- 
c a l l  ACCN t compute pressures TF I 

LT. 0 32 

Figure 2. Flow of Executive Progrm 157DR '(Sheet 3 of 6) 
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Yes 

have pressures converged 
a t  a l l  she l l  stations? 

. .. 

t 
Put f inal  pressures i n  proper Write diagnostic message - no. of 

iterations has exceeded limit set  array PS(1) I IVX 
L 

Continue for the next 
time cycle 

Figure 2. Plow of hecutive Progru 157DR (Sheet 4 of 6) 
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I Set present deflection i n  array for 
previous deflect ions, i . e .  , 
zp(J,I) = z(J ,I ) ,  e tc .  I 

I f  any pressures are negative set them 

t o  zero 
2 

Figure 2. Flow of Executive Pmpm lS7DR (Sheet S of 6) 
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Q 
NE.0 

I 
This is only a dummy CRT 

routine 
1 
I 

I I 

! 

_ _  "_- - .--.---I-- . . . 

Save data for a 
No data saved future restart 
for restart 

t 

I 
i 

i 
t 

i 
I 

t 

: 

j 
1 
I 

LRewind 8 1 

I 
_I_- t - _  ~ 

Print al l  tape IDIS - .. 
T--- --- EL -..^---I .- 

I 

Figure 2. Flow of Executive Propran 157DR (Sheet 6 of 6) 



2 . 2  Program Deck Setup 

As explained in Section 1. 1 ,  the deck is set up in overlay regions. 
Each region is denoted by a $ORIGIN control card. 
shown below. It includes the control cards and deck names. The order of 
these decks must be kept in the given sequence. 

A list of the setup is 



Control Cards 

$IBSOB 
$IBFTC 
$IBFTC 
$IB FT C 
$ORIGIN 
$IB FT C 
$IBFTC 
$ORIGIN 
$IBFTC 
$LBFTC 
$IBFTC 
$ORIGIN 
$IBFTC 
$ORIGIN 
$IBFTC 
$IB FT C 
$IB FT C 
$ORIGIN 
$IBFTC 
$ORIGIN 
$IBFTC 
$ORIGIN 
$OBFTC 
$ORIGIN 
$BFTC 
$DATA 

157 DR 
MMPY 
MADD 
CHAIN 
GMTRY 
C F 3 P  
CHAIN 
CDAFIT 
CODS 
ENTP 
CHAIN 
ACCN2 
CHAIN 
157DR 1 
MSUB 
PNVRS 
CHAIN 
WHERE 
CHAIN 
l57DR2 
CHAIN 
FSUMS 
CHAIN, SYSUTZ, REW 
LNK6 

Subroutines 

Main program 
MMY 
ADD 

GEOM 
CODIMA 

CRVFLT 
CODIM4 
ENTERP 

ACCN 

DEFLTN 
MSU 
INV 

PATH 

INTLDS 

SUMS 

PIX 
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3.1 TAPE USAGE 

In order to permanently preserve the computer output in an easily 
accessible form, it is put out on a reserve tape. In addition, to enable the 
user to continue a job after the program has been run to a certain time 
(say 1.0 ms. ), certain arrayo arc? saved on another tape so that a restart 
can be subsequently made for calculations from 1.0 ms. to, say, 2 .0  ms. 
This saving of certain arrays avoids the complete recalculation from 0 to 
1. 0 ms. 

Because the mounting of reserve tapes is subject to  human error ,  the 
first word on each tape is an idelztification code. 
automatically written on the tape when it is created and is printed on the 
final printed output at the end of the job. 
computer, its identification is checked with a code which is part of the 
card input - KODER2 and KODES2. 
proceeds; if not, then a diagnostic printout is made stating which tape is 
incorrectly mounted, and the job is stopped. 
know the correct tape identification and keep track of it throughout all 
restart conditions. 

This identification is 

Before a tape is read by the 

If the identification checks, the j,ob 

It is therefore important to 

To start a job from time zero, any two avaiiable tapes are mounted on 
logical units 8 and 9 (See Figure 3). 
Tape A, and that on 9 will  be denoted by Tape 13. 
Tape A will contain the saved arrays necessary for a restart. 
contain the response in the order shown in Figure 4, where each line denotes 
a single record of the tape. 
is written on it as the first record. 
has the identification. 

The tape on unit 8 will be denoted by 
At the end of the job, 

Tape B will 

As each tape is created, the identification code 
Thus, Tape A, the llsaved-datall tape, 



EDPM JOB REQUEST SUPPLEMENT 

AOMTIONAL INSTRUCTIONS 

MOUNT ANY AVAILABLE TAPE ON LOGICAL UNIT 8 

PUT FILE RING IN 

Comment: 
restart. Denote th is  tape by Tape No. A. I t s  
identification word KODES2 = 10. 

This tape w i l l  hold the saved data for a future 

MOUNT ANY AVAILABLE TAPE ON LOGICAL UNIT 9 

PUT FILE RING IN 

Comment: 

taype by B. Its identification No. is  KODER2 = 11. 

This tape w i l l  hold the shel l  response Remote 

0 SEE i3ACK OF FORM 



KODER2 
JT, TIMX, AP, VEL, ACC, BP, N, NOT 
PN(I), I = 1,  NOT 
PM(I), I = 1 ,  NOT 
PEZ(I), I = 1 ,  NOT 
USUM(I), I = 1 ,  N 
WSUM(I), I = 1,  N 
EMFE(I), I = l , N  
EMTH(I), I = 1 ,  N 
QFE(I), I = l , N  
QTH(I), I = l , N  
ENFE(I), I = l , N  
ENTH(I), I = l , N  
SIGFE(I), I = 1,  N 
SIGTH(I), I = 1 ,  N 
ZDOT(1, I), I = 1 , N  
ZDOT(3, I), I = 1 , N  
ZzDOT(1, I) ,  I = l , N  
Z2DOT(3, I) ,  I = 1 , N  

This information i s  
repeated for each 
time interval 

Figure 4. Contents o f  Tape B ,  Created on Logical U n i t  8 
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KODER2 = 10, 

while Tape B, the response tape, has the identification 

KODES2 = 11. 

Let us  say that the job was stopped at t = 1.0 ms. In order to restart 
it, and run to t = 2. 0 ms, the following tape manipulations are required. 
Any two availablz tapes are  mounted onto Logical units 8 and 9 (See Figure 5). 
Let u s  denote the tape on unit 8 by Tape C, and that on unit 9 by Tape D. 
Tape C will contain the Itsaved datat1 at the end of the job at t = 2. 0 ms, while 
Tape D will contain the complete response from 0 to 2 .0  ms. 
these two new tapes, Tapes A and B from the previous run are  mounted on 
logical units 12 and 13, respectively (See Figure 5). 
job, the identification number KODER2 of Tape B is read and if  it is the 
correct number, the information on Tape B is placed on Tape D. Thus, 
Tape C now contains the response from 0 to 1 . 0  ms. 
number of Tape A is checked, and i f  it is correct, the Itsaved data" on Tape 
A is placed in common storage, and the job is started. 
job, Tape D on logical unit 9 will contain the response from 0 to 2.0, while 
Tape C on logical unit 8 will contain the Ilsaved data" at t = 2. 0 ms, for a 
sub sequent r e  start. 

In addition to 

At the beginning of the 

Then, the identification 

At the end of the 

The identification numbers of the response tapes and the "saved datat1 
tapes a re  incremented by 10 during each restart. 
numbers of the newly created Tapes C and D are  

Thus, the identification 

KODER2 = 20 

KODES2 = 21 

re spec t ivel y . 
For a subsequent restart, new tapes a re  mounted on logical units 8 

and 9 and, mow, tapes C and D are  mounted on logical units 12 and 13. 
\ 
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EDPM JOB REQUEST SUPPL€MENT 
- - ---_ -- -_- .---. --.- .__---.--- -I__- 

JOB NO. REQUESTED BY PHONE 

ADDITIONAL INSTRUCTIONS 
MOUNT,ANY AVAILABLE TAPE ON LOGICAL UNIT 8 

PUT FILE RING IN 

Comment: 
Denote t h i s  tape by Tape No. C. 
will be KODES2 = 20. 

This tape  w i l l  hold saved da ta  f o r  a fu ture  restart. 
I ts  i d e n t i f i c a t i o n  number 

~~ ~~ 

MOUNT AP4Y AVAILABLE TAPE ON LOGICAL UNIT 9 

PUT FILE RING IN 

Comment: 
t h i s  tape by Tape No. D. 

This tape w i l l  hold response from 0 t o  2 m s .  Denote 
I d e n t i f i c a t i o n  KODER2 = 21. 

MOUNT TAPE A ON LOGICAL UNIT 12 

Comment: This tape  is  f o r  t he  restart. 

MOUNT TAPE B ON LOGICAL UNIT 13 

Comment: 
information is put onto Tape C at beginning of job. 

This tape holds the response from 0 t o  1 ms., and i ts  

a SEE BACK OF FORM 





4 .1  INPUT DATA FORMAT 

Data are entered into the program by three subroutines, The execu- 
tive program 157DK reads the hydrodynamtc data, and the DA region of the 
shell data, Subroutine GEOM reads the GDA region oE shell data, and sub- 
routine CDAFIT reads the CDA region of the shell data, 
GDA, and CDA are read by means of the DECRD subroutine, 

The regions DA, 



4,2 DECREB Subroutine 

The data in regions DA, GDA, and CDA i s  read by means df the 
DETCRD subroutine, A description of the subroutine follows, together 
with a listing in FORTRAN fV, 

DEGRD Decimal Read 

I, 

2, 

3. 

4. 

Description, When a minus 
sign is encountered in col- 
umn 1 of a BECRD data 
card, that card will be 
Tead and then reading will 
be terminated, 

The index of a DECRD card 
must be written to the 
extreme right of the f i rs t  
12-column field, 

Extent: 78 locations, 

Call statement: CALL 
DECRD (ARRAY) 

where ARRAY is the name 
of the real  array to be read, 
This argument may be sub- 
scripted, 

Error  indtcation: If the 
index field is zero o r  blank, 
the comment "BAD DATA 
CARDtf and the contents 
columns 73-80 of the defec- 
tive card wdll be printed, 
The job will be terminated, 

5, Example: Assume a CALL 
DECRD (ARR) statement and t 
the following data eardo, 

The first card will result in 
information being stored as 
follows : 

ARR(1) -0, '2063E 01 ARR(3) 0,24353-00 ARR(5) 0,4649E 04 
ARR( 2) Unchanged ARR(4) 0,20653 04 

The - sign in column 1 of the second card signals that this is the 
last card to be read under control of this CALL DECRD state- 
ment, This card has been written to illustrate some types of 
errors (or possible errors) in writing the data, The information 
will be stored as fol'lows: 

ARR( 11) 0,7896E 21 (Exponent rnislocated or incomplete,) 
ARR(12) Unchanged (Treated as a blank,) ARR(l4) 0,29mE 04 
ARR(13) Unchanged (Treated as a blank,) ARR(15) 0.12343 03 

When no decimal point i s  written, as In the last two items, the 
data is read by the E12,8 format; the number of decimal place8 
is counted from the beginning of the exponent field, if any, or 
from the extreme right of the field, 
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Data decks should be stacked as follows: 

1. 

2. 

3' 

4. 

5. 

6.  

7. 

XndLcator card with NSTART, etc. 

Three title cards (which FS ay be blank, if necessary). 

A card with RHO, WT. 

An indicator card with INDER, etc. 

DA, general shell data, read by executive program. 

GDA, geometry data, read by GEOM subroutine. 

CDA, section properties data, road by CDAFlT subroutine. 

The data in groups 5, 6 and! 7 should have a miaus sign in column 1 of 
the last cazd. 

ThB following tables show the nature of the DA, GDA, and CDA decks. 



DECRD 
Index 

B 

2 

3 

4 

5 

8 

11 

12 

14 

16 

17 

18 

25 

26 

27 

28 

29 

30 

Name 

EN 

A0 

HO 

EO 

SIC0 

POI 

SPRL 

UK 

WK 

TAU1 

E N T l  

PIP 

MASS 

CFE 

cz 

SKFE 

SKZ 

SUM 

Des c ription 
~~ - 

No. of points along shell meridian 

Reference Youngls Modulus (psi) 1 For most 
cases set 

Reference length (in, ) 

Reference thickness (in. ) 

Reference stress (psi) 

Pots son's ratio 

Location of spring along meridian 

Spring value in e direction 

Spring value in  normal direction 

Length of total t€me interval from zero 

Total no. of time intervals from zero to TAU1 

Print interval (will always print last interval) 

Mass density of shell, Pbs. secz/in 

Coefficient of viscous damping at each station 
in 5 direction 

Coefficient of viscous damping in normal 
direction. 

Spring constants of shell under elastic restraint 
in 6 direction. 

Spring constant at each station in normal 
dlr ection, 

Fourier summing increment (always - 1. ) 

I. to  1.0 

4 



DECRD 
Index Description Name 

(Always 1) 

Initial impact velocity, in. Isec. 

0. for start from aero, 1. for restart 

Sea description of top boundary conditions 
in Section 4.5.  1 

See description of bottom boundary conditions 
in Section 4 . 5 . 2  

33 

34 

36 

4440 

4476 

Last card must have a - sign in Co1um.n 1. 

I 

TFI 

VIN 

RESTRT. 

EM1 

XM1N 
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4 . 5  Boundarv Conditions 

4.5 .1  Top Boundary 

When the boundary conditions on the top boundary are of the following 
kind, a special! flag can be used to specffy them: 

A 

free: (Nt = kge = Fe = Mk = 0 ) = 1. 

roller: 

fixed: 

(NE= U e =  W = M E =  0) = 2. 

( E t  5 = u* = w = 4 5 = 0 ) = 3. 

simply supportei: (ut = u8 = w = M~ = 0) = 4. 

complete: 

In these cases, DA(4440) = 1. E10, and DA(4441) i s  given the value 
I . ,  2.,  3., 4., or 5. as shown above. Other special boundary conditions 
may also be specified. As an example, the fu l l  boundary (which is also 
given above) can be specified as shown in the following data sheets, 
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4. 5 . 2  Bottolm Boundary 

The same selection of boundary conditions is available here as for tihe 
top boundary. 
siniply supported, and complete conditions are set a s  follows: 

This time, the indicator specifying the free,  roller, fixed, 

DA (4476) = 1.E10 

DA (4477) = 1.. 2., 3 . ,  4. ,  5. 

according to the boundary condition desired, An example of other possible 
boundary conditions is given in the data sheets below. 
the free boundary (the same as in Sect€on 4 .5 .1 ) .  

The example here is 
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4.6 Call DECRD (GDA) 

DECRD 
Sndex 

1 

2 

3 

4 

5 

6 

7 

8 

9-208 

209 -40 9 

Name 

GMX 

EN 

PFLAG 

RA1 

RC 

AXL 

R O F F  

ANX 

PHI0 

PHIN 

EM 

R I P T  

XIPT 

De6c riptisn 

Geometry indicator: 

1. : cone - cylinder 
2. = sphere -toroid 
3. = general discrete point 
4. = arbitrary functions 

No. of station points 

print indicat6r; f- 0. , prints all data 

for  GMI = 1. ; radius at station 1 

for GMI = 2. ; radius of ctuvature 

for  GMI = 1. ; axial surface length 

for GMI = 2. ; off-set distance to center of curvature 

for GMI = 1. ; angle between generator and axis of 
revolution. 

for GMI = 2. ; initial opening angle from vertical 
axis, in degrees. 

for GMI = 2. ; final opening angle from vertical axis, 
in degrees. 

for GMI = 3. ; number of RI points given 

for GMI = 3. ; Discrete radii (200 points maximum) 

for GMI = 3 , ;  Discrete XI - arc  lengths, (200 points 
maximum) 

The last card must have a - in Column 1, 
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The various tables are set up in this region a s  follows: 

TAB (1) = No. of stations given along meridian (I, e .  , stations 
at whfeh values ehmpe). 

TAB (2). = StationNo. 1. 

TAB (3) = Parameter value at Station No. 1 

TAB (4) = Next station no. 

TAB ( 5 )  = Next parameter vblue 

Stations and parameter values interlaced. 

The last station must be the Nth station parameter value because 
CODIMA interpolation routine wil l  not extrapolate. 

Jf  3.1.0 x 10'' is placed in TAB (I) the following parameter value is 
constant (uniform over all stations EN) m d  its value is placed in TAB (2). 
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DECRB 
Xndex 

1 

2 

3 

4 

5 

6-42 

Name 

DB 

Description 

No, of etations given 

if 1,  E10, then a constant extensional rigidity 

i s  given in 2 

Station N-. 1 

if CDA (1) = 1 ,  ElO, then this is a conetaint valw 

of extensional rigidity. 

Value of extensional rigidity between Station B 

and next $tation 

Station No, 2 

Wdue of extensional rigidity 

Follows same pattern to DTB (&a), value of 

1. ast rigidity, 



DRCRID 
Index 

42 

43 

44 

45 

46 

47-81 

83 - 123 
124-164 

L65-20 5 

206-246 

247 -287 

Flexural R i g J d l  

No. of stations ;ken 

if = 1. EPO, then a constant flexaid rtgtdtty is 
glvan in 43  

Station No'. I 

if CDA (42) = 1. E10, then this is the constant 
value of flexural rlgidity 

Value of flexural rigidity between station L and 
next station 

Ztation No. 2 

Vdue of flexural rigidity 

EoELows same pattern to EXTB (20) ,  value of last rfgbd€ty. 

EXTB 

ALFTB 

DNATB 

TTB 

ENTB 

Continue as above for the following cpan€Wes: 

Young's modulus (E) 

CoeffE of thermal expansion (a) 

112 shell thickness (h/2) 

Temperature gradient through shell (T) 

Membrane thermal load 
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DFCRD 
Endex 

288-328 

329-369 

370 4 19 

452 -492 

493 -533 

534-574 

5’75-615 

616-365 

657 -69 I 

Name 

EMTB 

IPNTB 

PFETB 

DZQTB 

VZQTB 

QZOTB 

DFOTB 

VFOTB 

QFOTB 

Bending thermal load 

Normal pressure on shell (at reference surface) 

Meridional surface pressure fat reference 
surface) 

Initial displacement in normal direction. 

Initial velocity in normal direction 

Initial acceleration in normal direction 

Initial! displacement in 6 direction 

Initial velocity in 6 direction. 

Initial acceleration in 5 direction. 

The last card must have a - sign in Column 1. 





5 . 1  SAMPLE PROBLEM 

To demonstrate the use of the computer program, and to illustrate 
the format of the input and output data, the sample problem shown in Figure 
6 has been calculated. 

The problem concerns the vertical impact of a flexible body of 
revolutfon consisting of a shallow spherical shell to  which is rfgfdly attached 
a heavier mass so that their combined weight is 10,000 lbs. The radius of 
curvature of the shell middle surface is 175.6 ins. , and the opening angle is 
19. 53'. t h e  shell extensional and flexural stiffnesses a re  both set equal to  
3.33 x 10 lbs/in. , which corresponds to a sandwich shell having 0.05 in. 
steel facings and 1.95 in. honeycomb core. Other shell pro ert ies are as 
follows: Mass per unit surface area = -9.7 x lo'* lbs. sec. q i n .  3; Poisson's 
ratio = 0.33, and modulus of elasticity E = 29 .7  x 10 6 psi. The initial 
impact velocity is 30 fps. 
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Figure 6 .  Model o f  Sample Problem. 



5 . 2  Sample Input Data and Tape Usage 

Because of the amount of computer time consumed in a single hydro- 
elastic computer run, it is  well to  split the total run into small subsections 
in order to be able to progressively check the output data as it is calculated. 
This i s  done by restarting the problem at various times as described in 
Section 3. 1 on tape manipulations. 

The present sample problem will be run to  2.0 ms, (although a usual 
run would be in the order of 8 t o  15 ms. ). It will be run in two sections; 
the first, a start from zero, from 0 to 1.0 ms; and the second, a restart, 
from 1.0 ms. to 2.0 ms. The time increment (TAUl/ENTl) was chosen as 
.1 ms, and the convergence criterion was chosen a s  . 0 1 ,  meaning that the 
pressure at the last iteration should be within 1% of that of the previous 
iteration. 

Sample input sheets for the start from zero are shown below. 
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The symbols have the following meaning: 

NSTART 

NSAVE 

NINT 

KODER2 
KODES2 

RHO 

WT 

INDER 

CONV 

IVX 

ICYL 

0 for a start from ziero 

1 for a restart 

0 when no data will be saved 

1 when data will be saved for a future restart 

Total no. of time intervals already computed: 

(= 0 for a start from zero) 

Tape codes (See Section 3. 1) 

Mass density of fluid in lbs. /cu. f t .  

Weight of vehicle in lbs. 

Always = 1 

Convergence criterion (see Section 1. 3) 

Maximum allowable no. of iterations per time 

cycle (see Section 1.3) 

= 0, always 

Al l  other symbols have been discussed in Section 4. 
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JOB NO. REC)UESleb BY pM&FII 

MOUNT ANY AVAILABLE TAPE ON LOGICAL UNIT 8 

PUT FILE RING IN 

MOUNT ANY AVAILABLE TAPE ON LOGICAL UNIT 9 

PUT FILE RING IN 

TAPE USAGE 
AUOH NO. NAUE 
J08 NO. DATE 
PHONE DEPT GROUP 
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5.3 Sample Data and Tape Usage for the Restart 

In order to restart the problem at 1.0 ms. , the following input i o  
required. Note that the time interval must be the same in all runs. 

The output quantities will be identical to those from the start from 
zero. 



Y -- 
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MOUNT ANY AVAILABLE TAPE ON LOGICAL UNIT 8 
PUT FILE RIWC IN 

ANY AVAILABLE TAPE ON LOGICAL UNIT 9 
PUT FILE RING IN 

bK)UNT TAPE A ON LOGICAL U!iI&3?--*'lil& ' 
- e.\, 
,. 

MOUNT TAPE B ON LOGICAL UNXT..$3 
. - -  

0 SEE BACK OF FORM 

TAPE USAGE 
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5 . 4  Sample Ocofput 

The following pages show the output resulting from the start from 5ero 
of the sample problem. Letters in circles correspond to descriptions below. 

First  Title Card 

Second Title card 

Third Title card 

No. of Stations EN 

Radius of curvature, ins. 

Offset distance from cente- of curvature = 0 

Closed apex, therefore PHI0 initial opening angle is zero 

PHIN, final opening angle is 19.53' 

Station number 

R(I), normal distance from shell to axis 

W(THETA) nondimensional curvature in 8 direction 

W(Xf) nondimensional curvature in 5 direction 

RHOX(1) R(I)/AO = P/AO 

A 

GAMMA (I) p i p  

DTB, the extensional rigidity (constant over shell) 

EKTB, the flexural rigidity (constant over shell) 

EITB, the Young's modulus (constant over shell) 

ALFTB, thermal expansion coefficient (zero) 
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0 
@ 
0 
0 
0 
EN 

A 0  

KO 

EO 

SIGO 

ENFO 

E N F L  

POI 

THETA 

PIXI 

SPRL 

UK 

VK 

WK 

EMK 

TAU1 

DNATB, 1/2 shell thickness (constant over shell) 

TTB, temperature gradient (zero) 

ENTB, membrane thermal load (zero) 

EMTB, bending thermal load (zero) 

All these other quantities, read by CDR, are  set to zero. 

See Sections 4.4 to  4.7  for descriptions 

= number of stations 

= reference length 

= Reference thickness 

= Reference Young's modulus 

= Reference stress level 

= always zero 

= always zero 

= Poisson's ratio 

= always zero 

= always zero 

= location of spring along meridian 

= spring value in 6 direction 

= always zero 

= spring value in normal direction 

= always zero 

= total length of time from zero 

- 69 - 



ENTI 

PI 1 

TAU2 

ENT2 

PI2 

TAU3 

ENT3 

PI3 

MASS 

CFE 

CZ 

SKFE 

SUM 

EN1 

DEL 

BCITP 

BCIBM 

0 
D 

EK 

El 

ALF 

= Total no. of time intervals from 20ro to TAU1 

= point interval. Here PI1 = 1, and output is pointed at end 
of each interval 

= o ’  

= o  
= o  

= o  

= o  

always aero) 

= mass density 

= coefficient of viscous damping at each station in 6 direction 

= coefficient of viscous damping at each station in normal 
direction. 

= spring constant of shell under elastic restrzint in 

= 0‘1. always 

= l . ,  open shell; = 2. , closed shell; sat in GEOM 

= distance between station points 

.= boundary condition indicator - top boundary 

2 

boundary condition indicator - bottom boundary 

Full Tables of 

Extens fonal rigidity 

Flexural rigidity 

Young’s modulus 

Cozificient of thermal expansion (aero here) 

6 direction 
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DNA 

T 

ENT 

. 1/2 shell thickness 

temperature gradient through shell (aero here) 

membrane thermal Load (zero here) 

Bending thermal load (zero here) 

Full Tables of 

PN, PFE, DZO, VZO, AZO, DFO, VFO, AF'O, all of which 
were read as zero in CDA. 
de sc ripttons 1 . 

[ tee  Section 4.7  for their 

This page is a diagnostic output which is made during each 
cycle in order to check the manner in which the iterations 

Each row is denoted (describoed in Section 
by anumeral ina 
the pressure from the 

. Column @ denotes 

second term (the summation) of Equation 1 of Section 1.3. 

average pressure at 
each iteration. 

Column the apex of the 
the velocity 

of the shell after each iteration. 

Element [ @ , @] is zero because this is the first calcu- 
lation from an initial condition of zero. Rows 2 through 
@ follow from each individual iteration. It is seen that 

for this time cycle there are  a total of 9 iterations. 

0 
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is self-explanatory. It shows the time (t), maximum radius 
of the pressure profile (c), overall vehicle velocity (V), 
overall acceleration of the center of gravity (A), and depth 
of penetration (is). 

is a column showing the station number from the apex (1) to 
the boundary (120). 

is a column of the total pressure acting at each station point. 
Because the maximum radius of the wetted surface is 3.56 
ins., and the distance between each station point (DEL, see 
X ) is .503 ins., the wetted surface only extends to 

Note that the maximum pressure always occurs at the edge 
0; the wetted surface, in this case at station 8. 

s Q ation 8. Beyond this station, no *essure is applied. 

is a column of pressures derived from the first term of 
Equation 1 of Section 1.3. 
overall velocity v, they have been here called the rigid-body 
components of pressure. 

is a column of pressures derived from the second term of 
Equation 1 of Section 1.3. They a r e  called the elastic compo- 
nents because they also depend on the structural velocities. 

This page contains columns of response output. The columns 
a re  as follows: 

Because they depend only on the 
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M(PH1) 

M(THETA) 

M(PH1, THETA) 

Q(PH1) 

Q(THETA) 

I 

N(PHI) 

N( T HET A) 

N(PHI, THETA) 

SIG (PHI) 

SIC (THETA) 

SIG(PH1, THETA) 

Station points along shell meridian 

Tangential displacement (ins) of middle surface in 
direction 

Tangential displacement of middle surface in 8 
direction. Here zero because problem is axially 
symmetric. 

Transverse displacement (ins. ) of middle surface 
(positive outward). 

Meridional bending moment Mf (in lbs/in. ) 

Circumferential bending moment Me (in lbs/in. ) 

Twisting moment M 
is axially symmetric. 

Shear force Qg (lbs/in. ) 

Shear force Qe. 
axially symmetric. 

Zero here because problem w 

Zero here because problem is 

Additional columns of response. 

Station point along meridian 

Meridional membrane force Ne (lbs/in. ) 

Circumferential membrane force Ne (lbs/in. ) 

Twisting force N 
axially symmetric 

Stress K g  (psi) on outer fiber of shell. 

Zero here because problem i s  

Stress r e  (psi) on outer fiber of shell. 

Stress e on outer fiber of shell. Zero here 
because problem is axisymmetric. 

Additional columns of r e  spons e. 



VEL(U) 

VEL(V) 

VEL(W) 

ACC(U) 

ACC(V) 

ACC(W) 

Tangential velocity in 5 direction (ins. /sec. ) 

Tangential velocity in 8 direction. 
because problem is axially symmetric 

Zero here 

Transverse velocity (ins. /sec. ), positive in outward 
direction. 

Tangential acceleration in €, direction (ins. /set. 2, 

Tangential acceleration in 6 direction (ins. / sec. ), 
2 

Transverse acceleration (ins. /sec. '), positive in 
outward direction. 

e9 to T e above output of the response quantities 
is repeated with each time cycle. 

complete run these output quantities will be stored 
also on a tape as described in Section 3.1. 
appropriate KODES of each reserve tape are  pointed 
at the end of all the output. In this case, the symbols 
have the following meanings. For a start from zero, 
see Table 2 ,  for a restart, see Table 3. 

After a 

The 

Q 
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KODE 

KODERl 

KODER2 

KODESl 

KODES2 

- 

KODE 

ID Tape Description 

10 
-. 

Tape containing response at 1. 0 ms 

0 Hero a dummy tape 

1 Here a dummy tape 

11 Tape containing saved data for a restart 

KODERl 

KODER2 

KODES 1 

KODES2 

ID 

10 

20 

11 

21 

Tape Description 
~~ ~~ ~ 

Tape containing response at 1.0 ms. 

Tape containing response at 2.0  m s .  

Tape containing saved data at 1. 0 ms. 

Tape containing saved data at 2. 0 ms  for 
a future restart. 

Table 3. KODES for a restart 
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6 . 1  WARNINGS AND RECOMMENDATIONS 

The proper choice of the. appropriate tiime intervirlAt is important 
for obtaining good results. E A t  is too large8 the response will be highly 
damped and inaccurate. Om the other hand, if& is too small, the program 
will take a large amount of time to run. In addktfon, it appears that having 
too small a A t  may give rise to numerbcitl instabilities in the pressure 
calculations. In the sample problem& of 0. 1 ms was used, which gave 
good re sult s. 

There is an unidentifiable bug in the program which makes it necessary 
that a restar't be made after about 140 iterrations through the shell program. 
Should 160 iterations be exceeded, the program will ttblow up. It Therefore, 
tt fs reccrnrnsnded that the job be rua in segments of roughly 1 m s -  between 
restarts. The method of restarting is explained in Sectiions 1.31 and 5.3. 
ftl the cdculaidans made for the sample problem, the index IVX was set to 
about 25, and a restart was made every 1.0 rns. to 7 ms. Thereaf€er, 
because of the increase in the number o€ iterations to convergence in each 
time cycle, restarts were made at intervals of 0 . 5  ms. 

6 .1 .3  DECRD 

The subroutine DECRD is in  the NAA program library and conse- 
quently does not appear specifically in the source decks. in installations 
without this program in their library, the subroutine should be inserted in 
the zero link behind the subroutine MMY. 
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